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PHASE  PATTERN  OF  PHASED  ARRAY  ELEMENT 


INTRODUCTION 

The  radiation  pattern  of  a  phased  array  composed  of  equally  spaced 
similar  radiating  elements  is  the  product  of  the  array  factor  and  the 
element  pattern  [1].  The  scanned  antenna  gain  follows  the  element  pattern 
which  is,  therefore,  of  considerable  interest  in  determining  the  charac¬ 
teristics  of  a  phased  array. 

The  element  pattern  of  an  array  can  be  measured  to  assure  proper 
performance  by  measuring  the  pattern  of  one  element  when  surrounded  by 
many  others  that  are  resistively  terminated.  All  elements  are  assumed 
equal  and  edge  effects  are  neglected.  When  perfectly  matched,  the  element 
power  radiation  pattern  is  of  the  form  cos  0  since  the  total  power 
incident  on  the  aperture  varies  as  cos  9.  Deviations  from  that  value  are 
due  to  aperture  mismatch,  i.e.,  to  the  reflection  coefficient  r,  and 
grating  lobes.  Hannan  [2]  showed  that  when  the  array  lattice  spacing  is 
3uch  that  grating  lobes  do  not  appear  within  the  portion  of  the  visible 
region,  then  element  power  pattern  in  the  terminated  array  environment  is 

D  D 

P  ( 0 , 4> )  *  — 2  (l  -  j  T  ( 9 ,  <0 )  j  )cos9  (1) 

\ 

where  D  and  D  represent  inter-element  spacings  and  T ( 0 , 4> )  -  active 
*  y 

voltage  reflection  coefficient. 
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Equation  (1)  provides  the  relation  between  the  active  element  ampli¬ 
tude  pattern  and  the  aperture  mismatch  (denoted  by  the  reflection  coef¬ 
ficient)  but  does  not  provide  information  on  the  phase  of  the  element 
pattern.  An  alternate  equation  gives  the  active  element  voltage  pattern 
as  [31. 


Z  +Z 

FO.J)  -  -S.  f° ( 9 , 0 ) [  1  -r(e,4>)] 

g 


where  Z  is  the  internal  impedance  of  the  driving  generators  (Ft  -Real  part 

O  © 

"f  V' 

ZQ  is  the  input  impedance  of  an  element  in  the  open  circuited  array 
environment 

and  F°(9,<t>)  is  the  element  pattern  function  in  the  open-circuited  array 
environment. 

In  general,  F°(9,<J>)  is  complex  and  the  element  pattern  phase  depends 
not  only  on  mismatch  (hence  r)  but  also  on  F°(9,<f>).  For  a  simple  element 
like  a  dipole,  F°(9,4>)  can  be  assumed  to  be  a  real  function  [4]  and  eq. 
(2)  can  be  rewritten  as 


F(  9 , )  -  :<  [1  -r(9,4>)] 


where  '<  is  a  constant. 

The  reflection  coefficient  varies  with  scan  angle  and  can  introduce  a 
maximum  phase  change  $  given  by 


-1 .  ,  ,,  -1  VSWR  -1 

\  |  T(9 , 4>)  |  -  sin  VSWR  - 
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as  illustrated  in  Fig.  1.  As  an  example,  if  the  VSWR-2,  then  the  corre¬ 
sponding  magnitude  of  the  reflection  coefficient  is  0.33  and  the  element 
pattern  phase  change  can  be  as  high  as  ±19°. 

The  reflection  coefficient  typically  varies  considerably  with  scan¬ 
ning  and  corresponds  to  the  change  of  aperture  impedance. 

The  phase  of  the  element  radiation  pattern,  in  addition  to  its  ampli¬ 
tude,  becomes  important  when  an  array  is  used  with  a  non-planar  phase 
distribution.  For  example,  a  phased  array  aperture  distribution  may 
include  a  spherical  phase  front  in  order  to  focus  when  a  phased  array  is 
used  as  a  lens.  It  is  also  required  when  the  aperture  is  focussed  on  a 
monitor  to  check  the  performance  of  individual  elements  which  are  sequen¬ 
tially  phase-modulated,  or  to  check  the  radiation  pattern  by  scanning  past 
the  monitor.  Further,  phase  perturbations  may  be  introduced  to  generate 
multiple  beams  or  to  shape  the  radiation  pattern.  Under  all  of  these 
conditions  of  non-uniform  phase  front,  the  individual  element  phase  and 
amplitude  patterns  are  used  with  varying  look-angles  9.  This  is  most 
easily  seen  in  the  case  of  a  phased  array  focussed  to  a  central  point. 

—  1  cl 

For  a  central  element  6»0  but  an  edge  element  has  a  look-angle  9-tan  '  — 

d  r 

(a  -  aperture  size,  f  -  focal  length). 

MEASURED  PHASE  PATTERN 

A  previously  developed  '21  element  aperture  was  used  to  measure  the 
phase  pattern.  Figure  2  shows  the  experimental  array  which  was  built  for 
a  previous  program  and  found  to  be  reasonably  broadband  with  a  ;SWR  of 
about  2:1  over  a  frequency  range  of  2.S  to  ^.2  GHz  and  over  the  scan  range 
of  ±60°.  The  array  consisted  of  parallel  plate  waveguides  with  rectan¬ 
gular  strip  probes  fed  by  coaxial  lines.  Figure  3  gives  details  of  the 
probe  design  and  the  feeding  arrangement.  Figure  a  shows  the  test  set  jo 
used  for  phase  measurement  of  the  center  element  (probe)  when  ail  the 


other  elements  are  terminated  in  matched  loads  (50fi  ).  The  array  phase 
center,  which  gives  minimum  phase  variation,  is  obtained  by  trial  and 
error.  The  phase  center  was  found  to  be  stationary  over  the  whole  40? 
band.  For  the  H-plane,  the  phase  center  was  found  to  be  about  0.112" 
behind  the  probe  and  almost  1.112"  inside  from  the  septa  edges,  as  shown 
in  the  insert  of  Fig.  5.  Figure  5  shows  the  H-plane  phase  pattern  at  3.2 
GHz.  The  phase  remained  fairly  constant,  over  an  angle  of  more  than  ±60°; 
random  variation  amounted  to  about  ±4°.  Figure  6  shows  the  H-plane  phase 
pattern  vs  angle  at  4.0  GHz.  Again,  the  phase  remained  fairly  constant 
except  for  a  random  variation  of  about  ±4°  over  ±60°.  The  random  varia¬ 
tions  are  attributed  to  experimental  errors. 

For  the  E-plane  pattern,  the  center  of  phase  was  found  to  be  midway 
in  the  mouth  of  the  septa,  as  illustrated  in  Fig.  7  which  also  shows  the 
E-plane  phase  pattern  at  3.2  GHz.  Figure  8  shows  the  E-plane  phase  pat¬ 
tern  vs  angle  at  4  GHz.  These  results  show  that  the  E-plane  radiation 
pattern  phase  also  remained  fairly  constant  over  an  angle  of  ±60°,  except 
for  random  variations  of  about  ±4°. 

When  scanning  in  the  combined  plane,  both  results  have  to  be  taken 
into  account.  Cylindrical  spreading  occurs  first  in  the  H-plane  starting 
close  to  the  element  followed  by  scanning  in  the  E-plane  when  the  mouth  of 
the  septa  is  reached. 

CONCLUSIONS 

Theoretical  analysis  predicted  the  possibility  of  a  change  in  phase 
if  the  element  radiation  pattern  when  there  is  a  change  in  phased  array 
aperture  match  condition,  and  hence,  with  scan  angle.  However,  the 
experimental  results  presented  in  this  report  reveal  that  the  E-  and  H- 
plane  element-phase-patterns  give  constant  phase  for  scan  angles  up  to, 


4 


and  exceeding,  60°.  The  E-  and  H-plane  phase  centers  were  found  to  be 
displaced  from  each  other  which  has  to  be  taken  into  account  when  calcu¬ 


lating  phase  settings  for  non-planar  aperture  excitations. 
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ANTENNA 


TEST  ANTENNA 


A  —  Test  set  up  for  measuring  phase  pattern  of  phased  array  element 
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CENTER  OF  PHASE  IS 
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ENDS  OF  SEPTAE 


Fig.  7  —  E-plane  phase  pattern,  F  ”  3.2  GHz 
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